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pets based on a large amount of DBMS task computation. A
DB scheduling method according to an embodiment of the
disclosure includes determining, by a DBMS, whether to
offload a part of query computations upon receiving a query
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an offloading code which is a code for offloading a part of
the query computations, based on the received query, when
offloading is determined, selecting one of the plurality of
storages in which a DB is established, and delivering the
offloading code. Accordingly, snippets which will be gen-
erated simultaneously are scheduled for CSDs, so that
resources are equally utilized, a query execution time is
reduced, and reliability on data processing is enhanced.
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1
METHOD FOR SCHEDULING OFFLOADING
SNIPPETS BASED ON LARGE AMOUNT OF
DBMS TASK COMPUTATION

CLAIM OF PRIORITY

This application is based on and claims priority under 35
US.C. § 119 to Korean Patent Application No. 10-2021-
0156264, filed on Nov. 15, 2021, in the Korean Intellectual
Property Office, the disclosure of which is herein incorpo-
rated by reference in its entirety.

BACKGROUND
Field

The disclosure relates to a database (DB) processing
technology, and more particularly, to a method for process-
ing a query execution request of a client without a delay in
an environment where a database management system
(DBMS) and a storage in which a DB is established are
disaggregated.

Description of Related Art

In a query execution process, a database management
system (DBMS) may acquire data by scanning a query in a
database (DB), filter the acquired data, and return only the
filtered data to a client.

However, when there are many data to be scanned in the
DB, many data are transmitted from a storage in which the
DB is established to the DBMS, and accordingly, there are
problems that a bandwidth becomes scarce and an overall
response speed is reduced, and power consumption
increases.

As a solution to these problems, there is a method of
implementing the storage of the DB by using a computa-
tional storage drive (CSD), and allowing the storage to
perform a part of the query computations. However, a
specific method to achieve this has not yet been proposed.

SUMMARY

The disclosure has been developed to address the above-
discussed deficiencies of the prior art, and an object of the
present disclosure is to provide a method of defining a
snippet for offloading a part of query computations in a DB
system using a CSD, and scheduling the snippets which will
be generated simultaneously for CSDs.

According to an embodiment of the disclosure to achieve
the above-described object, a DB scheduling method may
include: a step of receiving, by a DBMS, a query execution
request from a clint; a step of determining, by the DBMS,
whether to offload a part of query computations; a step of,
when offloading is determined, generating, by the DBMS, an
offloading code which is a code for offloading a part of the
query computations, based on the received query; a first
selection step of selecting, by the DBMS, one of a plurality
of storages in which a DB is established; and a step of
delivering, by the DBMS, the offloading code to the storage
selected at the first selection step.

The step of determining may include determining by
determining which is appropriate, the DBMS processing all
of the query computations, or the storage processing a part
of the query computations and the DMBS processing the
other query computations.
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The step of determining may include determining to
offload a part of the query computations when there is a large
amount of data transmitted between the DBMS and the
storage.

The first selection step may include selecting a storage
that has the most unused resources by monitoring a resource
state of the storages.

According to an embodiment of the disclosure, the DB
scheduling method may further include: a second selection
step of selecting, by the storage which receives the offload-
ing code, one of a plurality of CDSs; and a step of delivering,
by the storage, the received offloading code to the CSD
selected at the second selection step.

The second selection step may include selecting a CSD
that has most unused resources by monitoring a resource
state of the CSDs.

The offloading code may be generated as a snippet, and
may include a parsed query and BufferAddress, and the
BufferAddress may be an address of a buffer which stores a
result of performing a part of the query computations by the
offloading code.

The buffer may be provided in the DBMS. The DBMS
and the storages may be disaggregated.

According to another embodiment of the disclosure, a DB
system may include: a plurality of storages in which a DB
is established; and a DBMS configured to determine whether
to offload a part of query computations upon receiving a
query execution request from a client, to generate an off-
loading code which is a code for offloading a part of the
query computations, based on the received query, when
offloading is determined, to select one of the plurality of
storages, and to deliver the offloading code.

According to still another embodiment of the disclosure,
a DB scheduling method may include: a step of generating,
by a DBMS, an offloading code which is a code for
offloading query computations, based on a query received
from a client; a first selection step of selecting, by the
DBMS, one of a plurality of storages in which a DB is
established; and a step of delivering, by the DBMS, the
offloading code to the storage selected at the first selection
step.

According to yet another embodiment of the disclosure, a
DB system may include a plurality of storages in which a
DB is established, and a DBMS configured to generate an
offloading code which is a code for offloading query com-
putations, based on a query received from a client, to select
one of a plurality of storages, and to deliver the offloading
code.

According to embodiments of the disclosure as described
above, in a DB system using a CSD, a snippet for offloading
a part of query computations may be defined, and snippets
which will be generated simultaneously are scheduled for
CSDs, so that CSD resources are equally utilized, a query
execution time is reduced, and reliability on data processing
is enhanced.

Other aspects, advantages, and salient features of the
invention will become apparent to those skilled in the art
from the following detailed description, which, taken in
conjunction with the annexed drawings, discloses exemplary
embodiments of the invention.

Before undertaking the DETAILED DESCRIPTION OF
THE INVENTION below, it may be advantageous to set
forth definitions of certain words and phrases used through-
out this patent document: the terms “include” and “com-
prise,” as well as derivatives thereof, mean inclusion without
limitation; the term “or,” is inclusive, meaning and/or; the
phrases “associated with” and “associated therewith,” as
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well as derivatives thereof, may mean to include, be
included within, interconnect with, contain, be contained
within, connect to or with, couple to or with, be communi-
cable with, cooperate with, interleave, juxtapose, be proxi-
mate to, be bound to or with, have, have a property of, or the
like. Definitions for certain words and phrases are provided
throughout this patent document, those of ordinary skill in
the art should understand that in many, if not most instances,
such definitions apply to prior, as well as future uses of such
defined words and phrases.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present disclo-
sure and its advantages, reference is now made to the
following description taken in conjunction with the accom-
panying drawings, in which like reference numerals repre-
sent like parts:

FIG. 1 is a view illustrating a DB system according to an
embodiment of the disclosure;

FIG. 2 is a view illustrating a structure of the DBMS
shown in FIG. 1;

FIG. 3 is a view illustrating a structure of a query
computation offloading snippet;

FIG. 4 is a view provided to explain a process of deliv-
ering a query computation offloading snippet;

FIG. 5 is a view illustrating a structure of the storage node
shown in FIG. 1; and

FIG. 6 is a view provided to explain a query computation
offloading snippet scheduling method according to another
embodiment of the disclosure.

DETAILED DESCRIPTION

Hereinafter, the disclosure will be described in detail with
reference to the accompanying drawings.

An embodiment of the disclosure provides a method for
defining a snippet for offloading (pushing down) a part of
query computations onto a computational storage drive
(CSD) in a DB system using the CSD, and scheduling the
snippet by considering a resource state of the CSD.

FIG. 1 is a view illustrating a DB system according to an
embodiment of the disclosure. The DB system according to
an embodiment of the disclosure may be divided into a

database management system (DBMS) 100 and a plurality
of storage nodes 200-1, 200-2, . . . , 200-z as shown in the
drawing.

The storage nodes 200-1, 200-2, . . . , 200-z refer to
storage systems in which the same DB is established. The
plurality of storage nodes 200-1, 200-2, . . . , 200-z may be

implemented in order to process many queries which are
requested simultaneously.

Furthermore, the storage nodes 200-1, 200-2, . . ., 200-»
include a computation function, and may perform a part of
query computations.

The DBMS 100 is a system that executes a query accord-
ing to a request of a client (not shown) and returns a result
thereof. All of the query computations may be performed by
the DBMS 100, but a part of the query computations may be
offloaded onto the storage nodes 200-1, 200-2, . . . , 200-7.

FIG. 2 is a view illustrating a structure of the DBMS 100
shown in FIG. 1. As shown in the drawing, the DBMS 100
may include a query engine 110, a storage engine 120, and
a node scheduler 130.

Upon receiving a query execution request from a client,
the query engine 110 may optimize the received query and
deliver the same to the storage engine 120.
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The storage engine 120 may determine whether to offload
query computations. Offloading query computations may
refer to offloading a part of the query computations onto the
storage nodes 200-1, 200-2, . . ., 200-z. A part of the query
computations may include query scanning, filtering, and
validation.

The storage engine 120 generates a query computation
offloading snippet based on the query, and delivers the
generated query computation offloading snippet to the node
scheduler 130.

The query computation offloading snippet generated by
the storage engine 120 is a source code for offloading a part
of the query computations onto a storage node, and a
detailed structure thereof is illustrated in FIG. 3.

As shown in the drawing, the query computation offload-
ing snippet includes ParsedQuery, TableSchema, BlockOft-
set, and BufferAddress. The BufferAddress refers to an
address of a buffer (not shown) that stores a result of
performing a part of the query computations according to the
query computation offloading snippet. The buffer is provided
in the storage engine 120.

The node scheduler 130 delivers the query computation
offloading snippet generated by the storage engine 120 to the
storage nodes 200-1, 200-2, . . ., 200-z. This process is
illustrated in FIG. 4.

As shown in the drawing, when the query computation
offloading snippet is inputted from the storage engine 120,
a snippet validator of the node scheduler 130 checks validity
of the query computation offloading snippet (1).

In addition, a node data manager of the node scheduler
130 may identify a DB table that should perform a query
computation offloading snippet (2), and an API manager of
the node scheduler 130 requests a scheduler manager to
schedule the query computation offloading snippet (3).

Accordingly, the scheduler manager of the node scheduler
130 may select one of the storage nodes 200-1, 200-2, . . .
, 200-7, and may deliver the query computation offloading

snippet (4).
FIG. 5 is a view illustrating a structure of the storage
nodes 200-1, 200-2, . . ., 200-z shown in FIG. 1. Since the

storage nodes 200-1, 200-2, . . . , 200-» may be implemented
in the same way, only one storage node 200 is illustrated in
FIG. 5 as a representative by using reference numeral “200.”

As shown in the drawing, the storage node 200 may
include a storage 1/O interface 210, a CSD scheduler 220,
and a plurality of CSDs 230-1, 230-2, 230-3.

The storage 1/O interface 210 may be an interface for
communicating with the DBMS 100. The CSDs 230-1,
230-2, 230-3 include not only storage resources for storing
a DB, but also CPU resources (for example, a CSD runtime)
for performing a part of query computations.

When a query computation offloading snippet is delivered
from the node scheduler 130 of the DBMS 100 through the
storage 1/O interface 210, the CSD scheduler 220 may select
one of the CSDs 230-1, 230-3, 230-3 and may deliver the
query computation offloading snippet.

FIG. 6 is a view provided to explain a query computation
offloading snippet scheduling method according to another
embodiment of the disclosure.

When the query engine 110 of the DBMS 100 receives a
query execution request from a client (not shown) (1), an
optimizer of the query engine 110 may optimize the received
query (2) and may deliver the query to the storage engine
120 (3).

Then, a table manager of the storage engine 120 may
determine whether to offload query computations, and, when



US 12,339,863 B2

5

offloading is determined, the table manager may generate a
query computation offloading snippet based on the query (4).

It may be determined whether the query computations are
offloaded by determining whether it is appropriate for the
query engine 110 to execute all of the query computations,
or whether it is appropriate for the storage nodes 200-1,
200-2, . . ., 200-z to execute a part of the query computa-
tions, and for the query engine 110 to execute the other query
computations.

When there is a large amount of data transmitted between
the DBMS 100 and the storage nodes 200-1, 200-2, . . .,
200-» in executing a query, that is, when there are many data
to be scanned, offloading the query computations may be
appropriate, but in other cases, offloading the query com-
putations may be inappropriate.

Herein, it is assumed that, in operation “@,” offloading
the query computations is determined and the query com-
putation offloading snippet is generated.

The node scheduler 130 may select one of the storage
nodes 200-1, 200-2, . . ., 200-%, and may deliver the query
computation offloading snippet (5).

Herein, the node scheduler 130 may monitor a resource
state (a CPU core, a memory) of the storage nodes 200-1,
200-2, . . ., 200-7, and may select a storage node that has
the most unused resources. This is for equal utilization of
resources, reduction of a query computation time, and
enhancement of data processing reliability.

The CSD scheduler 220 of the storage node which
receives the query computation offloading snippet may
select one of the plurality of CSDs 230-1, 230-2, 230-3
owned by the CSD scheduler 220, and may deliver the query
computation offloading snippet (6).

Herein, the CSD scheduler 220 may monitor a resource
state (a CPU core, a memory) of the CSDs 230-1, 230-2,
230-3, and may select a CSD that has the most unused
resources. This is for equal utilization of resources, reduc-
tion of a query computation time, and enhancement of data
processing reliability.

Thereafter, the selected CSD may receive the query
computation offloading snippet, and may perform a part of
the query computations, and return a result thereof to the
buffer of the storage engine 120. An address of the buffer to
which the result is returned may be indicated by the query
computation offloading snippet.

Up to now, a method for defining a snippet for offloading
a part of query computations to a CSD in a DB system using
the CSD, and scheduling the snippet by considering a
resource state of the CSD have been described in detail with
reference to preferred embodiments.

Specifically, in an embodiment of the disclosure, a query
computation offloading snippet is proposed as a structure for
offloading a part of query computations from a DMBS onto
a storage when the storage is implemented by using a CSD
in a cloud-native environment, in which the DBMS and the
storage are disaggregated.

In addition, in an embodiment of the disclosure, compu-
tation offloading snippets which are generated simultane-
ously due to a large amount of queries are scheduled based
on a resource state of a CSD, so that resources are equally
utilized, a response time is reduced, and reliability on data
processing is enhanced.

The technical concept of the disclosure may be applied to
a computer-readable recording medium which records a
computer program for performing the functions of the
apparatus and the method according to the present embodi-
ments. In addition, the technical idea according to various
embodiments of the present disclosure may be implemented
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in the form of a computer readable code recorded on the
computer-readable recording medium. The computer-read-
able recording medium may be any data storage device that
can be read by a computer and can store data. For example,
the computer-readable recording medium may be a read
only memory (ROM), a random access memory (RAM), a
CD-ROM, a magnetic tape, a floppy disk, an optical disk, a
hard disk drive, or the like. A computer readable code or
program that is stored in the computer readable recording
medium may be transmitted via a network connected
between computers.

In addition, while preferred embodiments of the present
disclosure have been illustrated and described, the present
disclosure is not limited to the above-described specific
embodiments. Various changes can be made by a person
skilled in the art without departing from the scope of the
present disclosure claimed in claims, and also, changed
embodiments should not be understood as being separate
from the technical idea or prospect of the present disclosure.

What is claimed is:

1. A DataBase (DB) scheduling method comprising:

receiving, by a DataBase Management System (DBMS),

a query execution request from a client;

determining, by the DBMS, whether to offload a part of

query computations;

based on a result of determining to offload the part of the

query computations, generating, by the DBMS, an
offloading code including information used for offload-
ing the part of the query computations, based on the
received query;

performing a first selection of selecting, by the DBMS,

one of a plurality of storages in which a DB is estab-
lished;

delivering, by the DBMS, the offloading code to the

storage selected at the first selection;

performing a second selection of selecting, by the storage

which receives the offloading code, one of a plurality of
computational storage drives (CSDs); and

delivering, by the storage, the received offloading code to

the CSD selected at the second selection,

wherein the determining comprises:

determining whether the DBMS processes all of the query

computations, and

determining whether the storage processes the part of the

query computations and the DMBS processes another
part or the rest of query computations.

2. The DB scheduling method of claim 1, wherein the
determining comprises determining to offload the part of the
query computations in response to determining that there is
a predetermined large amount of data transmitted between
the DBMS and the storage.

3. The DB scheduling method of claim 1, wherein the
performing the first selection comprises selecting a storage
that has the most unused resources by monitoring a resource
state of the storages.

4. The DB scheduling method of claim 1, wherein the
performing the second selection comprises selecting a CSD
that has most unused resources by monitoring a resource
state of the CSDs.

5. The DB scheduling method of claim 1, wherein the
offloading code is generated as a snippet, and comprises a
parsed query and BufferAddress, and

wherein the BufferAddress is an address of a buffer which

stores a result of performing a part of the query
computations by the offloading code.

6. The DB scheduling method of claim 5, wherein the
buffer is provided in the DBMS.
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7. The DB scheduling method of claim 1, wherein the
DBMS and the storages are disaggregated.

8. A DataBase (DB) system comprising:

a plurality of storages in which a DB is established; and

a DataBase Management System (DBMS) configured to:

determine whether to offload a part of query computations
upon receiving a query execution request from a client;

generate an offloading code including information used
for offloading a part of the query computations, based
on the received query, when offloading is determined;

perform a first selection of selecting one of the plurality
of storages; and

deliver the offloading code,

wherein a storage, of the plurality of storages, is config-
ured to:

perform a second selection of selecting one of a plurality
of computational storage drives (CSDs); and

deliver the received offloading code to the CSD selected
at the second selection,

wherein, for the determining, the DBMS is configured to:

determine whether the DBMS processes all of the query
computations, and

determine whether the storage processes the part of the
query computations and the DMBS processes another
part or the rest of query computations.

9. A DataBase (DB) scheduling method comprising:

generating, by a DataBase Management System (DBMS),
an offloading code including information used for oft-
loading query computations, based on a query received
from a client;

performing a first selection of selecting, by the DBMS,
one of a plurality of storages in which a DB is estab-
lished;

delivering, by the DBMS, the offloading code to the
storage selected at the first selection;
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performing a second selection of selecting, by the storage
which receives the offloading code, one of a plurality of
computational storage drives (CSDs); and

delivering, by the storage, the received offloading code to

the CSD selected at the second selection,

wherein the generating comprises:

determining whether the DBMS processes all of the query

computations, and

determining whether the storage processes the part of the

query computations and the DMBS processes another
part or the rest of query computations.

10. The DB system of claim 8, wherein the determining
comprises determining to offload a part of the query com-
putations when there is a predetermined amount of data
transmitted between the DBMS and the storage.

11. The DB system of claim 8, wherein the performing the
first selection comprises selecting a storage that has the most
unused resources by monitoring a resource state of the
storages.

12. The DB system of claim 8, wherein the performing the
second selection comprises selecting a CSD that has most
unused resources by monitoring a resource state of the
CSDs.

13. The DB system of claim 8, wherein the offloading
code is generated as a snippet, and comprises a parsed query
and BufferAddress, and

wherein the BufferAddress is an address of a buffer which

stores a result of performing a part of the query
computations by the offloading code.

14. The DB system of claim 13, wherein the buffer is
provided in the DBMS.

15. The DB system of claim 8, wherein the DBMS and the
storages are disaggregated.
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